This study was aimed at evaluation of the validity and reliability of an alter native dietary measurement method that assists epidemiologic studies. We validated a handheld personal digital assistant with camera and mobile phone card, called Wellnavi, in which a 1-d weighed diet record was employed as a reference method. Twenty college stu dents majoring in food and nutrition participated in this study. They were asked to keep a diet record and to take digital photos of all these recorded food at the same time, then send them to the dietitians by the mobile phone card. In the reliability study, other twenty stu dents from the same college were asked to take digital photos of the same meal during a day by two same instruments under the same circumstances and to send these photos to the dif ferent dietitians electronically. With respect to validity, median nutrient intakes estimated by the Wellnavi method and the diet record method are comparable. Correlation coefficients between the median nutrient intakes estimated from these two methods ranged from 0.46 for monounsaturated fatty acid to 0.93 for vitamin B12 and copper (median r=0.77). With respect to reliability, our data show a good agreement between two Wellnavi instruments for most of the nutrients. Correlation coefficients between the nutrient intakes estimated from 2 instruments ranged from 0.55 for vitamin B1 and water-insoluble dietary fiber to 0.92 for vitamin B12 (median r=0.78). In conclusion, the results indicate this dietary assessment in strument can usefully measure individual dietary intakes for a variety of nutrients in an epi demiologic study. Key Words validity, reliability, dietary assessment, mobile phone card Recently, the relation between daily dietary intake and lifestyle-related disorders is receiving increasing at tention from both health professionals and the general public. National Health Promotion Movement in the 21st Century in Japan lays strong emphasis on increase of vegetable/fruit consumption and on intake of bal anced diet. This health promotion movement raises concerns about the needs of monitoring usual food con sumption patterns of target population. Several dietary assessment methods, for example, 24-h dietary recall, diet record and food frequency questionnaire (FFQ), are widely used to the collection of dietary information in the epidemiologic researches. Twenty-four-hour recall method is relatively simple, the results, however, greatly depends upon the respondents' memory and the trained interviewer; the diet record method is regarded providing most accurate dietary information but quite time consuming and burdensome to the participants; the FFQ method is easier for participants and inexpen sive, nevertheless, it is unable to supply precise informa tion of diet intake (1). Furthermore, currently available dietary assessment methods are rarely employed to col lect continuous dietary data of target population over multiweek time span, they unlikely reveal usual diet of the individuals (2-4). Therefore, a simpler and more ac curate technique that can access the subjects' usual and long-term dietary intake would be more desirable. Rapid progress in information and communication technology in recent years makes the individuals access the health information easier and the health profession als quickly obtain individuals' daily health behavior in formation possible in both research and clinical set tings. The present study attempted to evaluate an alter native dietary measurement instrument, a handheld personal digital assistant with camera and mobile phone card, which is assumed to assists dietary data collection in epidemiologic studies.
Recently, the relation between daily dietary intake and lifestyle-related disorders is receiving increasing at tention from both health professionals and the general public. National Health Promotion Movement in the 21st Century in Japan lays strong emphasis on increase of vegetable/fruit consumption and on intake of bal anced diet. This health promotion movement raises concerns about the needs of monitoring usual food con sumption patterns of target population. Several dietary assessment methods, for example, 24-h dietary recall, diet record and food frequency questionnaire (FFQ), are widely used to the collection of dietary information in the epidemiologic researches. Twenty-four-hour recall method is relatively simple, the results, however, greatly depends upon the respondents' memory and the trained interviewer; the diet record method is regarded providing most accurate dietary information but quite time consuming and burdensome to the participants; the FFQ method is easier for participants and inexpen sive, nevertheless, it is unable to supply precise informa tion of diet intake (1) . Furthermore, currently available dietary assessment methods are rarely employed to col lect continuous dietary data of target population over multiweek time span, they unlikely reveal usual diet of the individuals (2-4). Therefore, a simpler and more ac curate technique that can access the subjects' usual and long-term dietary intake would be more desirable. Rapid progress in information and communication technology in recent years makes the individuals access the health information easier and the health profession als quickly obtain individuals' daily health behavior in formation possible in both research and clinical set tings. The present study attempted to evaluate an alter native dietary measurement instrument, a handheld personal digital assistant with camera and mobile phone card, which is assumed to assists dietary data collection in epidemiologic studies.
SUBJECTS AND METHODS
A dietary assessment instrument. We validated a handheld PDA (personal digital assistant) with camera and mobile phone card, called Wellnavi (Matsushita Electric Works, Ltd., Japan). Figure 1 shows how it may serves as an instrument for dietary assessment and in tervention. With the help of this instrument, the re- searchers, dietitians and physicians are capable of iden tifying usual dietary intakes of individuals timely in both research and clinical settings. Validity study. Twenty female students majoring in food and nutrition from a junior College in Okayama of Japan voluntarily participated in this study. We em ployed 1-d weighed diet record as a reference method to evaluate the validity of the Wellnavi. All participants were given both oral and written instructions on how to use this instrument. They were asked to keep 1-d weighed diet record and to take digital photos of all these recorded food at the same time, then send these photos to the dietitians by the mobile phone card at tached to the Wellnavi.
Reliability study. Twenty female students from the same college, but differing from the above-mentioned subjects, took part in this reliability study voluntarily. They were also well trained for application of the instru ment. All participants were asked to take digital photos of the same meal during a day by two instruments under the same circumstances and to send these photos to the different dietitians electronically.
Estimation of the amounts and the contents of the diet. In order to help the dieticians estimate the amounts and the contents of the diet consumed by the subjects pre cisely, all participants were instructed to lay special em phasis on the following 4 aspects while taking digital photos of their meals. First, a ruler-like stylus (an at tachment to the instrument) should be placed on the edge of or in front of the dish plate while taking photos ( Fig. 2A) . Second, the instrument should be held at a 45 angled position during photo-taking. With the assis tance of the above procedures, the dieticians can easily understand the 3-dimensions of the foods from a digital photo and estimate the amounts of the diet by compar ing it with a standard dish. Third, information about in gredients of the dishes, especially for those the contents are difficult to be judged using the digital photos alone, should be written down on screen of the instrument by the stylus (Fig. 2B) . Fourth, plate waste should also be photographed after a meal if there is any remnants. In addition, all participants were also requested to com plete a short questionnaire obtaining information about their usual dietary habits, including questions like "whether you add sugar to coffee" and "how many tea spoons of sugar do you add to a cup of coffee"; "what kind of salad dressing do you usually use, oily or oil less," et al. The information from the questionnaire will be an assistant reference for the dieticians to estimate the amounts of some specific foods consumed by the subjects.
Statistic analysis. The nutrient intakes were calcu lated with the help of the food composition tables of Japan (5) . The difference in estimated median nutrients intake between the Wellnavi and the weighed diet record and as well between two Wellnavis assessment was compared by Wilcoxon signed rank test. Spearman rank correlation was used to evaluate the relationship between two assessment measurements and between two Wellnavis results. Statistical analysis was per formed with a Windows version SPSS 8.0 statistical program package (SPSS Inc., Illinois, USA). The ethical committee of Okayama University ap proved the study protocol, and all participants gave oral informed consent.
RESULTS

Comparison of two dietary assessment methods
Median nutrient intakes estimated by the Wellnavi method and the weighed diet record method are com parable ( Table 1 ). The differences between the two methods were not statistically significant, except for the intakes of potassium, magnesium, iron, copper, man ganese, vitamin E, vitamin K, folacin, vitamin C, water soluble dietary fiber, total dietary fiber. The nutrient in takes estimated by the Wellnavi method were generally higher than those obtained from the weighed diet record.
The correlations of nutrient intakes estimated be tween these two methods are summarized in Table 3 . The highest correlations were for vitamin B12 (r=0.93), copper (r=0.93), vitamin D (r=0.92), phosphorous (r=0.91), and the lowest ones were for monounsatu rated fatty acid (r=0.46), saturated fatty acid (r=0.51), and fat (r=0.57). Reliability of estimated nutrient intake Table 2 shows a good agreement between the two Wellnavi instruments for all nutrients except the first instrument significantly overestimated the group me dian for retinol in comparison with the second one.
The Spearman rank correlation coefficients between instrument 1 and 2 are shown in Difference between the two methods in potassium, magnesium, vitamin K, folacin, vitamin C, water-solu ble dietary fiber and total dietary fiber is most likely due to imprecision in translating vegetables into the nutri ents, and in copper and manganese due to the nuts, seeds or legumes, in vitamin E due to fats/oil products. It seemed that the Wellnavi method somewhat overesti mated the amount of vegetables, nuts, seeds, legumes, and fats/oil products in comparison with the reference one. Although we have carefully instructed the partici pants paying more attention on the angle of the Wellnavi while taking a digital photo of their meal, in adequate angle of photo-taking by some participants might partly contribute to the imprecision in estimation of the amounts of some nutrients. Hence, it is extremely important to request the subjects holding the instru ment at an angle of 45 degree during photo-taking while the Wellnavi is employed as an instrument for di etary assessment.
In addition, the present results showed that the correlations between the Wellnavi method and the reference method for fat (r=0.57), sat urated fatty acid (r=0.51), monounsaturated fatty acid (r=0.46) and polyunsaturated fatty acid (r=0.62) were relatively low, indicating inaccuracy in estimating the intake of some food items. Possible explanations for such lower correlations are that some specific food items, particularly used as add-ons to major foods such as margarine, salad dressing and cooking oil, could not be separately visualized from a digital photo, and they were possibly estimated with less accuracy. In order to facilitate the estimation of food amounts, there is an ad- ditional need for this instrument to provide a list of spe cific food items with various portion sizes that will allow the respondents to choose a relatively matched one by using touch-screen function. All currently available dietary assessment methods have their advantages and disadvantages, and no as sessment measure is able to estimate dietary intake without error (1, 6) . A variety of validation studies showed median correlation coefficients between the questionnaires or food records and the standard mea sure in estimation of nutrients intake ranged from 0.43 to 0.63 (6-13), and Suzuki et al. recently reported that the median correlation coefficient between the photo graphic assessment and the weighed dietary records was 0.67 (14) . In the present study, the median correla tion coefficient between the Wellnavi method and the weighed record was 0.77 for nutrients, suggesting this pique, we have asked all participants to give an overall evaluation to this instrument by choosing one from five response categories: "Satisfactory," "Somewhat satisfac tory," "I'm not sure," "Somewhat unsatisfactory," "Unsatisfactory ." Ten percents of them responded "Satisfactory ," 40% "Somewhat satisfactory," 25% "I'm not sure," 25% "Somewhat unsatisfactory," none re sponded "Unsatisfactory." Main reasons for responding "Somewhat unsatisfactory"
included "A pen -like stylus for handwriting on screen was hard to use and it was difficult to write in small characters"; "Battery charging was time consuming"; "A touch-type eraser for correct ing writing mistakes would be more desirable"; "The in strument is a bit heavy." It should be noted that the subjects in our study were college students, and they tend to use simple recipes in stead of complex ones, in other words, their diets are rather close to the standard dishes. Therefore, accuracy in estimating the dietary intake of the subjects in this validation study is probably better than the other household populations. A validation study for this di etary assessment instrument in a community-based population is in progress. Furthermore, the college stu dents were assumed being much better at operating the electronic instrument than the elderly, in fact, all par ticipants were willing to use this instrument in their fu ture practices. Nevertheless, factors like operation skills and memory would greatly affect the validation process if the study cohort is the elderly, and it is necessary to assess validity separately for older people (6, 15) .
Although we believe this method is an innovation in dietary assessment and can usefully measure individual dietary intakes for a variety of nutrients, there is a need to further improve precision in assessment of vegetable, Table 3 . Spearman rank correlation coefficients of estimated nutrient intake between the two assessment methods and between the first and second dietary devices (Wellnavi). **p<0 .01; *p<0.05
. nuts, seeds, legumes, and fats/oil products.
